The inheritance and gene effects structure were investigated for ten quantitative traits in field cultivars by a full diallel model of four parents-the cultivars Kerpo, Pleven 10, Mir and EFB33. Over dominance was prevalent for most of the traits in both hybrid generations (F 1 and F 2 ) except for 1000-seed weights. A non-additive gene action appeared to be more predominant for the inheritance of most traits studied. The fraction of h 2 /H 2 indicated that at least one group of genes controlled dominance for all the traits, namely for seed weight per plant (6), seeds per pod (3). The Н 2 /4Н 1 ratio was close to the expected value of 0.25 for seeds per plant and seed weight per plant, indicating a symmetrical distribution of dominant and recessive genes. Dominant alleles were more frequent in parental forms for the inheritance of most traits except seeds per pod in F 1 . In the case of seeds per pod (F 1 ) and 1000-seed weight (F 1 and F 2 ) a comparatively low difference was established between the coefficient of heritability in narrow and broad sense, indicating that the selection in early generations may be effective. The genotypes with exhibited dominant alleles were EFB33 for plant height, first pod height, internode distance and fertile nodes per plant, Mir for pods per plant, nodes per plant and 1000-seed weight and Pleven 10 for seeds per plant and seed weight per plant. Kerpo had recessive alleles for all the tested traits except seeds per pod.
Introduction
Pea (Pisum sativum L.) is an important forage and vegetable crop grown in various regions worldwide.
However, its productivity has become static over the years despite the fact that its total harvested area has increased tremendously.
This can be attributed to the lack of suitable improved cultivars for different agroecological conditions.
In order to increase the yield potential in pea to a greater extent, it is desirable to develop new genotypes through a recombination breeding for which it is necessary to know the mode of inheritance and the genetic background of the desirable traits.
The structure of the gene effects is an indicator for assessing the selection value of the parental components and is used widely in breeding and applied genetic research.
A diallel scheme of crossing based on the data of the F 1 hybrids is an accurate method for its determination It is determined as the additive effects and the quantity of the effective factors at inheritance of the specific traits.
Of a special importance is the choice of the parents used in developing novel, stable and heterotic lines.
The many authors reported on the inheritance of yield-related traits in field pea. Number of days to flowering is said to be additive PARMAR and GODAWAT, 1990 and non-additive SINGH et al., 1986 for days to flowering, number of pods per plant additive RATHORE et al., 1995 and epistatic NARSINGHANI et al., 1982 , number of seeds per pod additive and non-additive By this reason, four field pea cultivars were hybridised in a full diallel model in order to study the genetics components of the traits related to seed yield.
Material and methods
An experimental study was conducted from 2009 to 2011 at the Second Experimental Field of the Institute of Forage Crops, Pleven.
The following field pea (Pisum sativum L.) cultivars were used as the parental components: the spring-sown Kerpo and three autumn-sown ones, namely Pleven 10, Mir and EFB33. The hybridisation was done by hand in 2009.
The experiment was set up as a complete block design with two replications during the winter of 2010/2011.
The parental forms (P 1 and P 2 ) and the first and the second hybrid generations (12 F 1 and 12 F 2 ) were sown according to a scheme P 1 F 1 F 2 P 2 , with a plot size of 2 m × 1 m, at a row spacing of 20 cm, a distance within row of 5 cm and a plot to plot distance of 0.70 m.
The seeds were sown by hand at a depth of 5 cm.
All the agronomy practices during the trial were ordinary and officially approved by the Institute of Forage Crops.
The hybridisation included all direct and reciprocals crosses, that is, a full diallel scheme. From each genotype in Р 1 , Р 2 , F 1 and F 2 , a sample of 40 plants was used for analysing the following quantitative traits: plant height (cm), first pod height (cm), number of pods per plant, number of seeds per plant, number of seeds per pod, number of nodes per plant, internode distance (cm), seed weight per plant (g), 1000-seed weight (g), and number of fertile nodes per plant.
The obtained data were analysed according to Hayman HAYMAN, 1954a , while the genetically properties of the parental components were determined by the graphical method by Hayman The conclusions from the Wr, Vr graph are: 1) Wr is related to Vr by a straight regression line of unit slope in the absence of non-allelic interaction and with independent distribution of genes among the parents;
2) The distance between the origin and the point where the regression line cuts the Wr-axis provides a measure of the average degree of dominance;
3) D > H1 (partial dominance) when the intercept is positive; D = H1 (complete dominance) when line passes through the origin; D < H1 (over dominance) when intercept is negative; and no dominance when the regression line touches the parabola limit.
Results and discussion
One dealing with applied genetics and plant breeding needs to know the genetically structure of a specific trait, that is, what genetically effects prevail, number of the polymorphic locuses, how the alleles are shared, and so on.
Such information gives opportunity of including novel cultivars in hybridisation designs and breeding programmes.
The theoretical base on diallel analysis of the additive-dominant model according to Hayman is founded upon the following presumptions:
-the investigated genotypes are diploid and homozyguous, -every locus can be in two allelic positions, -no exhibition of epistatic effects, no difference in inheritance in reciprocal crosses and independently distribution of the genes between the parents HAYMAN, 1954a . Diallel ANOVA The components of the genetically variation were established with the dispersion analysis of the traits in the tested field pea genotypes (Table 1 and  Table 2 ).
The analysis of variance revealed highly significant differences among the progenies indicating that the parents were diverse for the studied traits.
In the diallel ANOVA, all the genetic effects were significant without b3 and d in F 1 for 1000 seed weight, c for height first pod, b2 for seeds per plant and a, b, b2 for seeds weight per plant in F 2 .
Dominant gene effects prevailed in a majority of the traits in both F 1 and F 2 .
The additive gene effects prevailed solely for 1000-seed weight in F 1 and seeds per pod and 1000 seed weight.
Wr/Vr analysis The estimate of the components of genetically variation for the different quantitative traits in forage pea is given in Table 3 .
Plant height
The line of regression intercepted the negative part of axis Wr, showing the importance of over dominance (H 1 /D > 1; F > 0) in F 1 and F 2 ( Figure 1 and Figure  2 ).
The regression coefficient was different from zero in both generations, showing the absence of epistatic gene effects and that the genes are independently distributed between the parents.
One is the number of the group of genes controlling this trait and exhibiting dominance (h 2 /H 2 ) in both generations.
The true value of H 2 in principle can not be higher than H 1 . The ratio Н 2 /4Н 1 can be done by concluding that plus and minus alleles are distributed in a nonuniform way between parental forms.
The ratio of (4DH 1 )½+F/(4DH 1 )½-F showed a prevalent dominant gene effect.
First pod height A regression dotted line intercepted the positive part of vertical axis solely in F 1 .
This was an indication that mean degree of dominance is partial and that one of the parents was rare genotype.
A solid line in F 1 and F 2 intercepted the negative part indicating the importance of over dominance.
The genetically parameter D was lower than H 1 (H 1 /D > 1) in F 1 (1.18) and F 2 (1.27).
The ratio h 2 /H 2 was similar to the one in plant height (0.62 in F 1 and 0.84 in F 2 ) indicating that one group of genes had control over the trait as Н 2 /4Н 1 (0.20) for both generations.
The ratio of dominant and recessive genes was close or more than one, assuming the action of dominant genes.
The heritability (Hns and Hbs) could be estimated as medium to high. 
Number of pods per plant
Intercepting the regression line with the vertical axis (Wr) showed overdominance in both the generations (Figure 1 and Figure 2) .
The regression coefficient was near one and very different from zero in both generations, indicating the absence of non-allelic interactions.
In the case of the component analysis, the dominance (b) and the additive (a) components were significant in both the generations.
The magnitude of H 1 was higher than the D, (H 1 /D > 1; F > 0) showing overdominance.
One-two groups of genes controlled this trait and exhibited dominance. The ratio between dominant and recessive genes favoured the dominant genes.
The estimate of narrow sense heritability was very low and broad sense high.
Number of seeds per plant
The regression line on Wr in the F 1 and F 2 is given in Figure 1 and Figure 2 .
The coefficient a of the regression equation was negative and H 1 /D > 1 indicating over dominance.
The coefficient b of the regression equation was close to unity indicating the absence of non-allelic interaction.
The estimates of components of variation revealed high values for dominance (b) as compared to additive genetically components (a) in the F 1 and F 2 .
The ratio h 2 /H 2 (2.20 in F 1 and 2.15 in F 2 ) indicated that two or three groups of genes controlled number of seeds per plant.
The ratio Н 2 /4Н 1 in F 1 (0.23) and especially in F 2 (0.25) showed that the alleles were distributed uniformly between the parents and that the successful selection for increasing the value of this trait was 50%.
The values of the ratio between dominant and recessive genes prevailed to dominant genes.
The coefficient of heritability could be estimated as medium (Hns) to high (Hbs) in both generations.
Number of seeds per pod Intercepting the regression line with the vertical axis (Wr) below the beginning in both F 1 and F 2 indicated over dominance.
The regression coefficient was different from unity in both generations indicating presence of non-allelic interaction.
The additive (a) and dominance (b) components of variation were significant in both generations. The data for h 2 /H 2 (0.59 for F 1 and 0.84 for F 2 ) showed that one group of genes controlled this trait.
The alleles in each polymorphic locus showed dominance and a nonuniform distribution between the parents, since Н 2 /4Н 1 for F 1 was 0.20, while for F 2 it was 0.19.
The values of the ratio between dominant and recessive genes prevailed on recessive ones in F 1 and on dominant genes in F 2 . In F 1 , low narrow sense heritability was observed, while in F 2 a moderate heritability was found.
As in previous cases, broad sense heritability was high in both hybrid generations.
Simple progeny selection and search for better segregants in later generations may be followed as a procedure for the improvement of this trait.
Nodes per plant
The regression line intercepted Wr axis below the beginning, revealing overdominance in F 1 and in F 2 . The regression coefficient was different from zero and close to unity, indicating the absence of non-allelic interaction in both hybrid generations.
The components of variation indicated that the additive (a) and dominance (b) components were significant in both F 1 and F 2 .
The values of H 1 /D > 1 and F > 0 suggested over dominance in both populations.
According to the proportion h 2 /H 2 (1.99 for F 1 and 1.64 for F 2 ) this trait is controlled by one or two groups of genes.
The ratio Н 2 /4Н 1 in both populations (0.22) showed that the selection for decreasing or increasing number of nodes per plant have identical chance.
The ratio (4DH 1 )½+F/(4DH 1 )½-F suggested a prevalence of dominant genes. Heritability in the broad sense was higher than the one in narrow sense in F 1 and in F 2 .
Internode distance The regression line in both generations intercepted Wr below the beginning, indicating that this trait was influenced by overdominance.
The estimates of components of variation revealed higher values for dominance genetic components (H 1 ) than additive components (D) in F 1 and F 2 (H 1 /D > 1).
The ratio h 2 /H 2 (1.46 for F 1 and 1.99 for F 2 ) indicated that this trait was under the oversight of two groups of genes. In F 1 (0.20) and F 2 (0.22), the ratio Н 2 /4Н 1 showed that dominant alleles in the polymorphic loci are distributed almost uniformly between the parental forms.
The coefficient of heritability in narrow sense was much lower than the one in broad sense.
Seed weight per plant
The regression line intercepted Wr axis in it the negative part in F 1 and F 2 .
Non-significant was the additive and dominant genetic parameters b and b1 only in F 2 . In both generations, the coefficients of regression were close to unity, indicating the absence of nonallelic interaction.
The value of the H 1 /D is very much over unit as in F 1 (5.16) and F 2 (6.86), being an evidence for over dominance.
This trait was controlled from twothree groups of genes h 2 /H 2 (2.56 for F 1 and 2.50 for F 2 ). In this case, it is not possible to obtain rapid selection results on seed weight per plant since Н 2 /4Н 1 was 0.23 in F 1 and 0.25 in F 2 .
The values of the ratio between dominant and recessive genes showed a small prevailing on dominant genes toward the recessive ones. Heritability in the narrow sense of this trait was the lowest in comparison with all the others.
1000-seed weight
The regression line intercepted Wr axis in its positive part, depicting a partial dominance in F 1 and F 2 . The regression coefficient (b) was close to unity and was highly different from zero, indicating the absence of non-allelic interaction.
The coefficient of the regression equation was positive and H 1 /D < 1, being an indication of the influence of additive genes actions. The obtained data for h 2 /H 2 (0.69 for F 1 and 0.34 for F 2 ) indicated that 10000-seed weight was influenced by one group of genes.
The value of the Н 2 /4Н 1 (0.18) in both hybrid generations showed that dominant alleles in the polymorphic locuses were distributed non-uniformly between the parents.
The heritability (Hns and Hbs) was high in F 1 and F 2 .
Comparatively low difference between the coefficient of heritability in narrow and broad sense probably indicated that the genetic diversity for this trait was strongly inheritable and that the selection by phenotype might be effective.
Number of fertile nodes per plant
The regression line in both generations intercepted Wr below the beginning, indicating that this trait was influenced by over dominance.
The regression coefficient was different from zero indicating absence of non-allelic interactions.
The estimates of genetic components showed that the dominance variation (H 1 ) was higher than additive (D) genetic, that is, H 1 /D > 1. The ratio h 2 /H 2 (1.95 in F 1 and 1.71 in F 2 ) indicated that one-two groups of genes controlled this trait and exhibited dominance.
There were observed very high estimates for broad sense heritability in comparison with that in narrow sense.
When the estimates of heritability (Hns and Hbs) were fairly medium to high, thus suggesting that simple selection procedures like progeny selection may be opted for improvement of this trait.
Similar gene actions for this trait were reported earlier KUMAR, 1976 .
Singh and Ram
SINGH and RAM 1988 , observed that additive and non-additive gene action predominated for 100 green pod weight, pod length, number node at which appear of first flower, primary branches per plant and plant height green pod yield in diallel analysis of garden pea. Genetic components of variation analysis supported these conclusions.
Rastogi RASTOGI, 1988 reported the presence of high non-additive genetic variance (H1 and H2) as compared to additive genetic variance (D) in a diallel analysis of ten parents for some traits of garden pea seed in F1 generation. Sarawat SARAWAT et al., 1994 found that both additive and non-additive gene effects were important in the expression of branches per plant, pods per plant, seeds per pod and plant height
The dominance variance was higher for all the traits except pod length and seeds per pod. The degree of dominance indicated over-dominance for all the traits except pod length and seeds per pod.
The distributions of genes in the parents were asymmetrical for all the variables. Kumar and Bal KUMAR and BAL, 1995 carried out graphical analysis and predicted over dominance for yield, number of pods per plant, 100 seed weight and partial dominance for other.
The knowledge of gene action is very useful to a plant breeder in the selection of parents for hybridization SHARMA et al., 2013 , the estimation of some other genetic parameters and choice of breeding procedures for the genetic improvement of various quantitative characters.
Conclusions
Prevalence of overdominance was observed for most of the traits in both hybrid generations (F 1 and F 2 ) except for 1000-seed weight.
Non-additive gene action appeared to be more predominant for the inheritance of most the traits studied.
The fraction of h 2 /H 2 indicated that at least one group of genes controlled dominance for all the traits, namely 6 for seed weight per plant and 3 for number of seeds per pod.
The Н 2 /4Н 1 ratio was close to the expected value of 0.25 for number of seeds per plant and seed weight per plant, indicating symmetrical distribution of dominant and recessive genes. Dominant alleles were more frequent in parental forms for the inheritance of most of the traits except number of seeds per pod in F 1 . For number of seeds per pod (F 1 ) and 1000-seed weight (F 1 and F 2 ) there was established a comparatively low difference between the coefficient of heritability in narrow and broad sense, indicating that the selection in early generations might be effective.
None one of the cultivars did not have only dominant or only recessive alleles.
Exhibited dominant alleles were found in EFB33 for plant height, first pod height, internode distance and number of fertile nodes per plant, in Mir for number of pods per plant, number of nodes per plant and 1000-seed weight and in Pleven 10 for number of seeds per plant and seed weight per plant.
The cultivars Kerpo exhibited recessive alleles for all the traits except number of seeds per pod.
